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SUMMARY 



The results of tests of six airfoils having the 
N.A.C.A. 230 mean line and varying in thickness from 0.06c 
tc 0.21c are presented. These results agree with previ- 
ous findings in showing that aerodynamically the best sec- 
tion is one of moderate thickness. The data are of value 
mainly in connection with the design of tapered wings hav- 
ing sections based on the N.A.C.A. 230 mean line. 



An extensive investigation of a large number of re- 
lated airfoil sections made in the N.A.C.A. variable- 
density wind tunnel (reference l) indicated that the in- 
crease in maximum lift with increasing camber was more 
rapid as the maximum camber was moved forward from a point 
near the 0.3c position. Later, in order further to inves- 
tigate airfoils of this typei another series of related 
airfoils was developed (reference 2) having mean-line 
shapes derived to permit a forward extension of the maxi- 
mum-camber position. All these sections were of the same 
thickness (12 percent c) but the maximum- camber position 
varied from 0.25c to 0.05c behind the leading edge. These 
tests, and also some additional tests (unpublished) indi- 
cated that airfoils with a range of camber positions for- 
ward of the normal positions possessed improved charac- 
teristics. One of the best of these, the N.A.C.A. 23012 
having the maximum camber at 0.15c behind the leading 
edge, was chosen as representative of this group of im- 
proved airfoils. 

This new airfoil section was first announced at the 
ninth annual Aircraft Engineering Research Conference in 
May 1934. Because of the marked interest in the new sec- 
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tian, te-sts of a 6- by 36-foot model of the H.A.C.A. 23012 
airfoil were made in the N.A.C.A. full-scale tunnel to ver- 
ify the characteristics found for the airfoil in the varia- 
ble-density tunnel. (See reference 3.) The full-scale 
tests verified the excellent characteristics of the new 
section. 

The present paper has "been prepared to satisfy a de- 
mand for data on the N.A.C.A. 230 series of airfoils of 
varying thickness. Several requests for such data have 
"been received, particularly for use in the design of ta- 
pered wings based on the N.A.C.A. 230 mean line. Results 
of tests of the following six airfoils based on the 230 
mean line and varying in thickness from 0.06c to 0.21c 
are presented herein: 

H.A.C.A. 23006 

H.A.C.A. 23009 

H.A.C.A. 23012 

H.A.C.A. 23015 

H.A.C.A. 23018 

H.A.C.A. 23021 



APPARATUS AHD TESTS 



The test consisted of routine measurements of lift, 
drag, and pitching moment fo.r standard 5- "by 30-inch me.tal 
airfoil models at a test Reynolds Number of 3,000,000 in 
the H.A.C.A. variabl e~ density wind tunnel. The test pro- 
cedure and accuracy are the same as those discussed in 
references 2 and 3, 

RESULTS AHD DISCUSSION 



The data are presented in a manner that is a slight 
modification of the standard graphic form. . (See figs. 1 
to 6.) The data in the left-hand portion of the plot give 
the airfoil profile, the tahle of ordinates, and the aero- 
dynamic characteristics in the usual standard form for recr 
tangular airfoils of aspect ratio 6.. Included also is a 
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portion of the lift curve in the ne igh Dor hood of maximum 
lift obtained at a reduced Reynolds Number. These addi- 
tional data are made available as an indication of the 
scale effect on maximum lift and are more nearly applica- 
ble than the data obtained at the high Reynolds Number to 
the prediction of landing speeds for airplanes of moder- 
ate size. 

The right-hand portion of tho plot presents the air- 
foil-section data in a form slightly different from that 
heretofore employed (reference l) . The effects of turbu- 
lence are included by presenting those data corrected to 
the effective Reynolds Number (reference 3). Tho value of 
the effective Reynolds Number at which the data are appli- 
cable to flight is indicated on each figure. There has 
been applied a correction for tip effects, which has previ- 
ously been used in tabulating important section data but 
not in graphic presentations of 'the section characteristics 

The values employed in this report in making correc- 
tion's for the effect of turbulence are tentative and may 
be slightly revised as the result of further tests. 

In order to distinguish these more accurate section 
data from those previously presented, new symbols have 
been adopted, thus: 

c l ' c d ' c m 
" o o a . c . 

i'nstead of the old symbols, 

c L , c Do , c mc/4 

The lower-case letters represent se ction characteristics 
as contrasted with the w ing characteristics for which the 
capital letters are used; the pitching- moment coefficient 
represents pitching moments about the aerodynamic center 
of the section rather than about the quarter-chord point. 
The corresponding aerodynamic-center position is also" indi- 
cated in each figure. 

The above-mentioned tip corrections as applied in de- 
riving these section characteristics result from the fact 
that section characteristics derived from tests of air- 
foils having square. tips are subject to small corrections 
necessitated by tip losses. On the assumption that more 
accurate section characteristics can be obtained from tests 
of rounded-tip airfoils, the following empirical correc- 
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tions have been derived from comparative tests of airfoil 
models with and without rounded tips: 

Or =1.03 C T 1 
max max 

a 0 = 0 .96 a 0 ' 

a = a ' + 0 . 3.9 C T 

0 0 L 

e d =. C Do + 0.0016 0 L S - l/3 (t - 6) 0.0002 (t > 6) 

where the prime symbols refer to the uncorrected values 
heretofore given and t is the airfoil thickness in per- 
centage of the chord. 

In addition to the graphic presentation, tho most im- 
portant characteristics of each section aro presented in 
table I. These tabulatod characteristics are corroctod 
for turbulonco and tip effects. 

The variation of the aerodynamic characteristics with 
thicknoss as shown by these data is in agreement with pre- 
vious findings (reference l) . The anglo of zoro lift re- 
mains practically tho same throughout the range of thick- 
nesses tested, whilo the slope of tho lift curve decreases 
considerably with incroasing thickness (table i), Tho 
pitching momont about tho aerodynamic center is small and 
decreases in magnitude with increasing thicknoss; tho po- 
sition of the aerodynamic center is somewhat farther for- 
ward for the 18 amd 21 porcent thick airfoils than it is 
for the thinner airfoils. Plots of tho lif-t and drag 
characteristics aro shown in figure 7, which includes, for 
comparison, tho minimum profile drag curve for tho N.A.C.A. 
symmetrical airfoils. The results prosentod in figure 7, 
agreeing with rj&feronce 1, show that, aerodynamically , the 
best soction is ono of moderate thickness. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langloy Field, Va. , November" 8, 1935. 



IT.A.C.A. Technical Note No . 5 67 



5 



REFERENCES 



Jacobs, Eastman N. , Ward, Kenneth. E., and pinkerton, 
Robert M.: The Characteristics of 78 Related Air- 
foil Sections from Tests in the Variable-Density 
Wind Tunnel. ff.R. No. 460, N.A.C.A., 1933. 



Jacohs, Eastman N. , and Pinkerton, Robert M.: Tests 
in the Variable-Density Wind Tunnel of Related 
Airfoils Having the Maximum Camber Unusually Ear 
Forward. T.R. No. 537, N.A.C.A., 1935. 



Jacohs, Eastman N. , and Clay, William C: Character- 
istics of the N.A.C.A. 23012 Airfoil from Tests in 
the Full-Scale and Variable-Density Tunnels. T.R. 
No. 530 , N.A.C.A. , 1935. 



TABUS I 
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Figure l.-RAjC A. 23006. airfoil 
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Figure 5-nA.CA. Z30}8 airfoil. 
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figure 7.- Variation of lift and 'drag characteristics 
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